Study design: A retrospective study of spinal cord injury (SCI) treated with and without hyperbaric oxygen (HBO) therapy. Objectives: To report on the use of HBO in spinal cord injury. Setting: Neurosurgical Unit, Tokyo, Japan. Methods: Thirty-four cases of hyperextension spinal cord injury without bone damage and previous history of surgical intervention were divided into two groups, with (HBO) or without (non-HBO) therapy. The neurological ®ndings at admission and their outcomes were evaluated by means of Neurological Cervical Spine Scale (NCSS) 1 and the average improvement rates in individual groups were compared. Results: The improvement rate ranged from 100% to 27.3% with the mean value of 75.2% in the HBO group, while these values were 100%, 25.0% and 65.1% respectively in the non HBO group. Conclusion: In the HBO group, the improvement rate indicated eectiveness in acute traumatic cervical spinal cord injury. Spinal Cord (2000) 38, 538 ± 540
Introduction
Hyperbaric oxygen (HBO) therapy has been employed for treating acute traumatic cervical spinal cord injury in our institution. The results are reported in this paper.
Patients and methods
Among 114 patients with cervical spinal cord diseases admitted to our department from June 1994 to April 1999, 34 cases of hyperextension spinal cord injury with no bone damage were selected in order to obtain a discrete group. Among the 34 cases, 13 cases had received HBO therapy (HBO group) and 21 cases had no experience of HBO therapy (non-HBO group). No patient had a history of vertebral or spinal cord disease. HBO therapy was performed once a day for 10 days, as a rule under an absolute atmospheric pressure (ATA) of 2.0 for 85 min (increased pressure for 10 min, ordinary pressure for 60 min and decreased pressure for 15 min) using Type 2 apparatus (P-1000SE). In the HBO group, HBO therapy was performed within 24 h after onset of disease for 3 ± 33 days, mean 12.1 days. The 13 cases in the HBO group included 10 males and three females aged 24 ± 87 years, mean: 60.5 years. The 21 cases in the non-HBO group consisted of 14 males and seven females aged 13 ± 88 years, mean: 60.8 years. The neurological ®ndings at admission and their outcomes were evaluated in all patients in each group by means of Neurological Cervical Spine Scale (NCSS) to obtain the rate of improvement. 1 The mean rate of improvement was compared between the HBO and non-HBO groups. In addition to NCSS, the initial neurology and its outcome were also con®rmed by ASIA impairment scale. 2 (Table 1A,B) . In statistical analysis, the degree less than 5% was regarded as signi®cant using Schee's method after ANOVA. The clinical syndromes at the time of admission to the hospital were classi®ed mostly in line with the`standard for neurological and functional classi®cation of spinal cord injury' of ASIA. The transitional type is a case where the clinical syndrome after the onset of disease is clearly dierent from the clinical syndrome just after the admission to the hospital. All of the three cases showed a transition from central cord type to transverse type of spinal cord.
Results
The highest improvement rate was 100% and the lowest one was 27.3% with the mean rate of 75.2% in *Correspondence: S Asamoto, Department of Neurosurgery, Tokyo Metropolitan Ebara Hospital, 4-5-10 Higashi-Yukigaya, Ohta-Ku, Tokyo 145-0065, Japan the HBO group, while the corresponding values in the non-HBO group were 100%, 25.0% and 65.1% respectively. A signi®cant dierence between the HBO and non-HBO groups was observed (P50.05).
Discussion
HBO therapy was started simultaneously with the opening of our hospital. Though the duration of HBO therapy was initially established by referring to the degree of symptomatic improvement only in the ®rst three cases, the therapy was performed in accordance with our manual from the fourth case. As a result, the duration ranged from 3 ± 33 days. However, the outcomes were all good, including the ®rst three cases, with no dierence in therapeutic ecacy.
HBO therapy is a treatment measure which is intended to restore damaged tissue by elevating oxygen levels in arterial blood in the form of dissolved oxygen through compulsive inhalation of concentrated oxygen under hyperbaric conditions and by improving the oxygen level in hypoxic tissue. Thus, HBO therapy is indicated basically for patients in a hypoxic condition. However, it is widely used not only for patients with central and/or peripheral neuropathies but also for patients in the ®elds of otorhinology, ophthalmology, and orthopedic surgery. 3 ± 7 Furthermore, it can be said that the eectiveness of HBO therapy is almost established against hypoxic encephalopathy. 8, 9 From the standpoint that the brain and spinal cord have very similar histological and physiological properties, the usefulness of HBO therapy for spinal cord injury was investigated in the present study. 10 In addition, there have been some reports on the usefulness of HBO therapy not only on acute spinal cord diseases including a traumatic event reported thereinafter, of course, but also on chronic spinal cord diseases. 11, 12 However, concerning the usefulness of HBO therapy, it is also evident that many unclear points remain and some reports described that the ®nal rate of improvement shows no dierence from those obtained by conventional approaches. 13 In the present study, the mean rate of improvement in the HBO group was superior to that in the non-HBO group.
About 20 patients with traumatic cervical cord injury are hospitalized in our hospital per year. In order to obtain patient uni®cation, only patients who had hyperextension spinal cord injury without bone damage were included in this study because of the potential large variation due to the more frequently encountered severe cases. However, this variation distinctly existed even among patients who had hyperextension without bone damage, and there was a large range of neurological ®ndings. Though a statistically signi®cant dierence could be observed between the HBO and non-HBO groups, the population examined in this study was small. The ecacy before and after HBO therapy has not been assessed by MRI.
HBO therapy is considered to be a signi®cant subsidiary treatment. However, HBO therapy may cause some complications such as barotrauma of the ear, sinus squeeze, and pulmonary oxygen toxicity as well as explosive accident at worst. In our hospital, however, no case has suered from such complications probably due to an adequate 24 h administration and treatment system by seven professional neurosurgery personnel and two clinical technicians. The optimal treatment pressure during HBO therapy seems to be around 2.0 ATA as regards therapeutic eects and possible burden on patients, and this is the pressure level employed in our department. However, the value of 2.5 ATA was recommended by some authors from the standpoint of oxygen diusion into damaged nerve tissue and prevention of oxygen toxicity. 11 There has been no comparative study on the therapeutic eects of 2.0 versus 2.5 ATA treatment pressure. In our hospital, 2.0 ATA is selected as a treatment pressure because (1) a therapeutically eective oxygen pressure and its concentration can be obtained even with 2.0 ATA; (2) the risk of causing complications is low compared with 2.5 ATA; and (3) establishment of increased treatment pressure takes longer.
Conclusion
HBO therapy provided a distinctly high improvement in some treated patients. The signi®cance of HBO therapy should be considered as a subsidiary treatment for acute traumatic cervical spinal cord injury.
